High Frequency Measurements of  the Amplification Factor and Internal Resistance of a Thermionic Valve by Rao, M Kameswar
28
HIGH FREQUENCY MEASUREMENTS 01 PHE AMPLIFICA­
TION FACTOR AND INTERNAL RESISTANCE OF 
A THERMIONIC VALVE*
Bv M. KAMESWAR RAO, M.?c.
(J\i’i hn I'liblii jiir 0/ ')
A B S T R A C T ,  Tlit-rc-ult^ i.f mihk r i i n j  h um ,'no i^iw ;i1 , oj i hr ;nii|ililu ;if jnii h u lo r  iind 
Hr internal ie,si.slani't‘ of ;i Ha i uik-hik ^,'il\r o u r  a i;m ^( o! ladinHo i|nMieirs an e,ivui at 
tills jiaper. '1Tj(‘ ii iraMtrriiirnls of Hie imiiilha'.il i ' ■ !) lac [i i i r iiiaile 1;\ fol!f)\\inu M iller ’s 
iiiellinil suitahh niodirir'd. T h e  iiih'i m l  usi.M aiur oj H i r \al\v \uHi and w iHinid an\ lixcd 
Iii,r Ii \'ollc),t>e ap])lied to Hu [>Iate was d e tu  min ed hy Hie iinmn, nu thod
1. I N T R O  J) VC T 1 O N
vSoiiic nicnsurciiMils nf the niiiplifirntinn i'acloj' nf a Iliciiinniiic in the
r e g i o n  oi r a d i n J r c t | U c i i n ’es  Inul in\'\ i()!is iy  I-ceii r c p D i t c d h y  J o s l i i  a n d  t s a x e i ia  ' 
jMilra  a iu l  S i l M i a d  a l s o  [ H i M is l u d  soti ie  V ' u k  oii t h e  i n t u n i a !  r e s i s t a n c e  o l  a 
v a l v e  f o r  h i g h  iT u l i i> frc([u e in  le s  a n d  l l i e y  g a \ e  a t h n u e t i c a l  inte i]> reT alm ii  o f  
llicir work.
T 'h c  h i g l i - f r e q n e n c y  iiKMSni e i n e n t s  u i i d e r i a k c  n in IIk  p r e s c n l  in v e s l i g a l i o n  
c o n s t i t i U e  a s t u d y  o f  t l i c  m r i p l i i i c a l i o n  fa(d<>i a n d  in t e r n a l  r e s i s t a n c e  o f  a 
L h e n n i o i i i c  v a l v e  o v e r  a  w\Al-v l a n g e  o f  l a d i o - l ' r e i j u c n c i e s .  M i l l e r s  i i K l h o d  
s u i t a b l y  m o d i f i e d  w a s  a d o p t e d  t o r  t h e  II-  l b  n iL c D U ie m e n t  P)f a n i ] d i l i c a l i o n  f a e t o i  
a n d  f o r  t h e  h i g h - f r e q u e n c y  n ie a v S iu e in e n ts  o f  t h e  i i i t e u i a l  r e s i s t a n c e ,  t h e  d i s t u n i n g  
m e t h o d  w a s  e m p l o y e d .
2. H  T ( 't n  - V R  K  n  V K  N (' Y  i\l K  A S H V I* M Ft N T  S O V T  11 1[
A  M P b  1 P  T CM\ T  I O N  I M X C T O K  O h  A \T\ b  V 1-,
bt) D c s c ' t i p i i o h  o ]  d p p n m i u s
A l l  o s c i l l a t o r  o f  t h e  H a r t l e y  t y p e  w a s  c o n s t r u c t e d  w i t h  a s u i t a b l e  i n d u e -  
t a n c e  c o i l  a n d  a  s u i t a b l e  t u n i n g  c o n d e i i s e i ,  o n e  o r  Ik TIi o f  w h i t b  e o u W  be 
r e p l a c e d  t o  g i v e  t h e  d e s i r e d  f r e q u e n c i e s .  A  c o u p l i n g  u n i t  w a s  b u i l t  s e p a r a t e l y ,  
c o n s i s t i n g ;  o f  a  . s u it a b le  i n d u c t a n c e  a n d  a  s u i t a b l e  \ a r i a b i e  c o n d c n s e i . 1 wtj k -ads
t w i s t e d  t o g e t h e r  c a r r i e d  H . F -  c u r r e n t s  t o  t h e  M i i l c v  b r i d g e  w d iich  vuis  u s e d  
w i t h  s o m e  m o d i f i c a t i o n s  f o r  f i n d i n g  a m p l i f i c a t i o n  f a c t o r  o f  t h e  v a l v e ,  t h e s e  *
** Cominnnicated hv Hk' Fiidiiiii Plivsicul SoriOv.
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l e a d s  w h i d  I w e r e  i n s u l a t e d  f r o m  e a c h  o t h e r  w e r e  p a s s e d  t l i r o i i g h  a n  e a i t h e d t i n  
t u b e .  O n e  e n d  o f  e a c h  o f  t h e  tw ci  l e a d s  w a s  c o m i e c t c d  t h r o u g h  a s i i i t a l ) l c  
C ( i n d c n s e r  C |  t o  t h e  l o o s e l y  c o u i > lc d  c i r c u i t .  T h e  e x i > e r i i n c n t a l  a r r a n g e n j c n t  
i s  s h o w n  i n  l ig -  t R a  w e r e  tJie t w o  r e s i s t a n c e s  c o n n e c t e d  i n  s e r i e s
w i t h  t h e i r  c o m m o n  j o i n t  e a r t h e d  a n d  c o n n e c t e d  t o  t h e  f i l a m e n t  n e g a t i v e .  O n e  
e n d  o f  R i  n  a s  c o n n e c t e d  t o  t h e  g r i d  o f  t h e  v a l v e .  T h e  o t h e r  e n d  o f  w a s  
c o n n e c t e d  t h r o u g h  t h e  h e a t e r  c o i l  o f  a  v a c u u m  t h e r m o - j u n c t i o n  T ,  a  D . C .  
m i l l i a m i n e t e r  A  a n d  a  k e y  t o  t h e  n e g a t i v e  o f  t h e  H - T -  b a t t e r y ,  t l i e  p o s i t i v e  
e n d  o f  w h i d i  vvas c o n n e c t e d  d i r e c t l y  t o  t h e  p l a t e  o f  t h e  v a l v e .  T h e r e  w a s  a n  
a r r a n g e m e n t  w i t h  a  l o w - t e n s i o n  b a t t e r y  a n d  a  v a r i a b l e  r e s i s t a n c e  t o  b a l a n c e  
o u t  t h e  c u i i t i u u o u s  p l a t e  c u r r e n t  t h r o u g h  t h e  h e a t e r  c o i l  o f  t h e  v a c u u m  j u n c t i o n  
a s  i n d i c a t e d  b y  t h e  n i i l l i a m m e t c r  A .  A  m o v i n g - c o i l  m i n o r  g a l v a n o m e t e r  G  
w a s  u s e d  i n  c o m b i n a t i o n  w i t h  t h e  j u n c t i o n
T h e  r e s i s t a n c e  R a  w a s  a  m e t a l - l i l m  r e s i s t a n c e  o f  4 9 0 0  o h m s  w i t h  p r a c t i c a l l y  
n o  s e l f - c a p a c i t y .  I t  w a s  k e p t  iUvSide a  b e a k e r  c o n t a i n i n g  t r a n s f o r m e r  o i l  t o  
m i t i i i n i s e  t h e  h e a l i n g  o f  t h e  r e s i s t a n c e .  R i  w a s  a  i i o n - i n d u c t i v e l y - w ' o u n d  P . O -  
B o x  r e s i s t a n c e .  T h i s  l e s i s t a n c e  w a s  a d j u s t e d  t i l l  t h e  d e f l e c t i o n  in  t h e  g a l v a n o ­
m e t e r  c o n n e c t e d  w i t h  t h e  h e a l e r  c o i l  o f  t h e  v a c u u m  j u n c t i o n  w a s  m i n i m u m .  T h e  
a m p l i f i c a t i o n  f a c t o r  o f  t h e  v a l v e  w a s  t h e n  g i v e n  b y
(1)
(ii) M custircuicn ls  oj Ihc H . F .  am plification ja c lo i  for  v a n o u s  frequencies
The frequcncy-raugc in these measurements was from 149 kc/sec to 3333 
kc/scc (i.e. from  ^= 91 m. to A = 76om,). The amplification factor of a
Telefunken RE 134 valve was found to increase steadily with the increase 
of frequency up to about iboo kc/sec- It was thereafter found to decrease with 
further increase of frequency. For Ijigh radio-fre(iiieiicies ihe nondnductively- 
\\'ound resistance Ri can never lie considered non-inductive. The v.V)served 
decrease of the amplification factor may be altributed to this cause. Measure­
ments were not therefore carried for still higher fretiuencies. The experimental 
results are shown in fig. 2-
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3. H I G H -  P  R R Q D K N C y M P  A S V  R K .M P  N T S O 1' 1 N T P  R N A L
R K S I S T A N C K O F T H P  V A h  V  P  P' O R D T F V  K K P  N T
F R F Q F F N C 1 F  S
The distuning method was employed for the nieasureinciit of the internal 
resistance of the same Telefukcn valve. The experimental arrangement is 
shown in "fig. 3. An accurate thermo-galvanometer A and calibrated condensers 
were used- The condensers were calibrated by a heterodyne wave-meter-
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Im i s i  t l u M e s i s U i i K ’C' R nt' t l iu  usc’i l n . l o i y  r i i r i i i l  c o n t a i n i n g  t l i c  i n d u c t a n c e  
a n d  t i l e  v a r i a b l e  c a ] ) a c i l y  w a s  d c l c i  i n i j i e d  w h e n  t h e  l l l a i n e i i l  o f  t h e  v a l v e  w a s  
o i l .  N e x t ,  t i l e  h l a n i e n t  w a s  h w i l c l i t d  o n ,  t h a t  I h c  c a p a c i t y  w a s  n o w  s h u n t e d  
b y  t h e  h i ^ h  r e s i s t a n c e  o f  I h e x a l v e .  T h e  l e s i s l a n c e  R ' o f  t l i e  c i r c u i t  w a s  t l i e n  
d e t e r m i n e d .  T h e  r e s i s t a n c e  in  u h i n s  w a s  c a l c u l a t e d  f r o m  t h e  u s u a l  f o r m u l a  :
K(diin)aO.S. -
w l i e r e  A/;, i s  t l i c  w a v e l e n ; ^ l h  in  r n e t i e s ,  t ' ,  a n d  C;. a r e  t h e  c a i i a c i t i e s  w h e n  t h e  
c u r r e n t  is  r e d u c e d  t o  / t i m e s  t h e  r e s o n a n t  c m  r e n t  a n d  t h e  r e s o n a n t  c a p a *
c i t y .  ( T h e  c 'a p a c i l i e s  a t e  e x ] ) i e s s c d  in  i n i c r o - m i c r o - f a r a d s . )
T h e  d i f l e r e n c c  ( R ' - - ' R )  w h i c h  c m a e s p o n d e d  to  t h e  i n c r e a s e  o f  t h e  s e r i e s -  
r e s i s t a n c e  d u e  t o  e l e c t r o n s  i n  t h e  i i i t e r - e i e c t r o d e  s p a c e  w a s  t h e n  c o n v e r t e d  i n t o  
i ts  e c i u i v a i e n t - p a r a l l e l - r e s i s t a n c c  /* l^y t h e  f o r m u l a  :
- ( 3 )
T h i s  g a v e  l l i e  i n t e r n a l  r e s i s t a n c e  o f  t h e  v a l v e .  T h e  v a r i a t i o n  o f  i n t e r n a l  
r e s i s t a n c e  o f  t h e  v a l v e  f r e q u e n c y  is  s h o w n  iti  t i g .  4.
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I t  IS s i g n i f i c a n t  ( h a t  t h e  i n t e r n a l  r e s i s t a n c e  o f  t i l e  v a l v e  w a s  f o i i m l  at  f i r s t  
t o  d i m i n i s h  w i t h  f r e r i n e u c y  t i l l  a b o u t  boo kc. a n d  ( h e n  il w a s  f o u n d  t o  i n c r e a s e  
a g a i n  w d th  f u r t h e r  i n c i e a s e  o f  f i e t j u c n c y -  It  s h o u l d  h e  I ' lo in ted  o u t  t h a t  t h e  
a m p l i f i c a t i o n  f a c t o r  o f  t h e  s a m e  v a l v e  w a s  f o u n d  t o  i n c r e a s e  s t e a d i l y  w i t h  
f r e q u e n c y  u p  t o  a b o u t  t h e  s a m e  f r e q u e n c y .4
A n o t h e r  Series o f  e x p e r i m e n t s  fo i  delennming t h e  i n t e r n a l  r e s i s t a n c e  o f  a 
P h i l i p s  It 4 o(y v ah v  U’illw iil a j ’plvhi!: lUiy voUiiyi' to Ike plate of llie I'dlrc Was 
c a r r i e d  o u t .  T h e  r a n g e  o f  f r e q u e n c y  e m p l o y e d  in t h e s e  m e a s u r e m e n t s  v\ a s  f r o m  
16 5  kc./.sec. t o  T3000 k c . / s e c .  'I ' ln  s e  r e s u l t s  a r e  i l l u s t r a t e d  in  f i g s .  5 a n d  (>.
B ‘tof,
cat.vi'FMcrIS KiLo-cvcLis,-— i 
ISf> iov 2BV ^ “aSoT
Coiii i) iirin .i*  Hicbu r u s u i t s  w i t l i  M i l r a  ^md vSil ’s  i n c a s i u c i n u n l s  it c a n  b e  s a i d  
t h a t  t l i c  n a t u r e  u f  V i i r i a t i o a  o f  t h e  i n t e r n a l  ics i-^ ta i icc  o l f s c r v c d  b y  l l i c m  w a s ,  o n  t h e  
w h o l e ,  s i m i l a r  to  t h a t  o l \ s c r v e d  in  t l ie  p t e s o n t  w o r k .  T l i e  d i f i e r e i i c e  l a y  i n  t h e  
f a c t  t h a t  t h e  i n t e r n a l  r e s i s t a n c e  o f  t h e  v a l v e  in  t h e s e  e x p e r i m e n t s  d i m i n i s h e d  
s t e a d i l y ,  thou.L^li s l o w l y ,  \ v i ih  f r e c i n e i i c y ,  w h e r e a s  in  t h e  s a m e  r a n g e  o f  
f r e q u e n c i e s  t h e  i n t e r n a l  r e s i s t a n c e  o f  t h e  v a l v e  u s e d  b y  M i t r a  a n d  S i l  w a s  
f o u n d  p r a c t i c a l l y  c o n s t a n t .
4. S U M M A R Y
T h e  H , F .  a n i ] ) l i f i c a l i o n  f a c t o r  o f  a  T e l e f n i i k e n  R E  1 3 4  v a l v e  w a s  m e a s u r e d  
a n d  f o u n d  t o  i n c r e a s e  s t e a d i l y  w i t h  f r e q u e n c y  u p  t o  a  c e r t a i n  v a l u e  o f  t h e
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frc(]iiency, after which it was fomid to diminish with further increase of 
frequency. The mcasiircnient.s of the internal resistance of the same valve (with 
a fixed plate voltage) showed tliat at first it diminished with the increase of 
frequency and that suhsequeiitly it increased steadily with further increase of 
freciueiicy. The internal resistance of a Phihps B 406 valve (wdthout any applied 
voltage to the idate of tlie valve) was also measured for a wide range of 
frequencies. The nature of the variation with frequency in this case was similar 
to that in tlie previous case (when a lixed voltage was applied to the plate).
The nieasureiiieiils of the internal resistance of the valve for radio fiequi'iicy 
were carried out liy following the distuning melliod. The iiieasureinenls of ampli­
fication factor were made iiy the method of Miller.
K I', 1' K R K N c' H S
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